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Biologically important structural relationships have recently been postulated 
to exist between antigens present in mammalian tissues and in microbial cells 
(1). The existence of shared or similar antigens in two such widely separated 
phylogenetic groups was originally demonstrated in studies of human erythro- 
cytes and Shiga bacilli (2, 3), paratyphoid B bacilli (4), and pneumococci (5-9). 
More recently, Springer and his associates (10), and Iseki (11), have provided 
further data on the incidence of antigen sharing between human erythrocytes 
and  a  wide  spectrum  of  Gram-negative microorganisms.  Rowley  (12),  and 
Rowley and Jenkin (13) correlated the presence of such cross-reacting antigens 
with the ability of the mammalian host to muster immunological responses to 
invasive microorganisms. 
The  demonstration  by  Markowitz  and  Lange  (14),  by  Kaplan  and  associates 
(15-19),  and by Zabriskie and Freimer (20, 21)  of cross-reactions  between Group A 
streptococcal components and mammalian tissues  has been an important addition 
to the list of known heterophile antigen systems. The possible relevance of the latter 
observations to the role of Group A streptococci in the pathogenesis of the nonsup- 
putative sequelae of streptococcal infection (22) also provided the stimulus for studies 
of the effects of streptococcal antigens upon another type of altered tissue response, 
the allograft rejection reaction. In the course of these studies,  Group A streptococci 
were  shown  to induce in guinea pigs a  state of skin allograft sensitivity similar to 
that observed after pretreatment of the recipients with allogeneic  tissues (23).  The 
activity as transplantation antigens was shared by all types of Group A streptococci 
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tested,  but was absent in other groups of streptococci (B,  C, D, E, G, H, L, and O) 
(24).  Tests of a  wide variety of other  Gram-positive,  Gram-negative,  and acid-fast 
bacteria for their ability to induce allograft sensitivity indicated that, of the microor- 
ganisms  tested,  only Staphylococcus  aureus and  S.  albus  shared  this property with 
Group A streptococci (25). 
Further studies have indicated that Group A streptococci are capable of inducing 
skin allograft sensitivity in mice, rats, guinea pigs, and rabbits, and that the activity 
of streptococci as transplantation antigens is localized to the bacterial cell membrane 
(26). The association of isologous transplantation antigens with cell membrane com- 
ponents (27),  and the recent observation by Lange and Markowitz (28) of a marked 
chemical similarity between mouse Histocompatibility-2  (tl-2)  and Group A strepto- 
coccal membrane antigens have provided further evidence to support the possibility 
that  the mammalian and streptococcal antigens capable of inducing allograft sensi- 
tivity may share structural characteristics,  as well as biological properties. 
The present report describes further attempts to assess the mechanisms im- 
plicated  in the role of Group A  Type 12 streptococcal membrane antigens  in 
transplantation.  Rabbit antisera produced by immunization of recipients with 
Group  A  Type  12  streptococcal membranes  (29)  have  been found to induce 
accelerated skin allograft rejection reactions in guinea pigs. Intradermal injec- 
tion  of such  antisera  in  guinea  pigs  has  resulted  in  inflammatory  reactions, 
characterized by prominent perivascular infiltrates  of polymorphonuclear leu- 
kocytes. When used in conjunction with epinephrine, the streptococcal antisera 
have also produced full-thickness hemorrhagic necrosis of the skin in some, but 
not in all, of the guinea pigs tested. The biological implications of these results 
will be described, with particular reference to their relevance to the search for 
new  immunological  techniques  designed  to modify allograft  responses  in  the 
mammalian host. 
Materials  and Methods 
Experimen~l  Animals  and Bacterial Preparcaions.--2-4  month old outbred  male guinea 
pigs of the Hartley strain,  weighing 250-350 g, maintained  on a standard Purina pellet diet 
were used during this study.  Streptococcal antisera were prepared  by immunization  of rab- 
bits, weighing 2-2.5 kg, maintained on Purina Rabbit Chow. The technique of immunization 
is described in detail below. 
The bacterial  strain used in this  study was a  nephritogenic  Group A Type 12 strepto- 
coccus (Hektoen Institute No. A-12), grown in Todd-Hewitt broth (Fisher Scientific Co., New 
York, N. Y.) in a New Brunswick Ferma-Cell. The inoculum for each  culture  was  derived 
from an 18 hr culture of virulent cells stored in liquid nitrogen. The cells were harvested  at 
the end of the log phase, and heat-killed at 60°C for 45 min.  The  average  yield  of strep- 
tococcal cells was approximately 230 g (wet weight) for 40 liters  of media.  The harvested 
cells were washed 5 X  in distilled water,  with complete  cell dispersal  by  homogenization 
after each washing. The cells were then placed in  a  10%  distilled  water  suspension,  and 
disrupted  in an Eppenbach  micromfll, with the aid of  120  ~  glass  beads.  The  membrane 
fraction  was separated  from other components by differential  centrifugation,  by  methods 
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and  lyophil~zed.  Rhamnose  determinations  were  performed  in  each  instance.  Only those 
preparations which had a rhamnose content of less than 1% were used for the production of 
rabbit antistreptococcal membrane sera. 
Pret~aration of Rabbit Antlsera.----One volume of  (5  mg per animal cell membranes  sus- 
pended  in phosphate buffer saline  (PBS)  solution was homogenized in complete Freund's 
adjuvant,  consisting of two  volumes of Bayol F,  one volume of Falba Emulsifier (Pfaltz 
and Bauer, Inc., New York), and  5 mg of Mycobt~t~rium tCo~culosis (H37Rv), for a  final 
volume of 20 ml. Rabbits received 1 ml intradermally, divided into four equal doses in each 
footpad, on day 1. The animals then received 1 ml of the same mixture intramuscularly on 
days 21-28, and were usually exsangninated on day 35. All antisera were customarily assessed 
in vitro, prior to exsangnination,  by precipitin tests  against  a  soluble streptococcal mem- 
brane fraction, or by double gel diffusion against membranes, solubilized in part by exposure 
to sodium lauryl sulfate or sodium deoxychohte (30).  Similar immunization schedules were 
employed in order to obtain rabbit  antisera to streptococcal cell walls and to human pro- 
teose (31). The latter antisera, as well as pooled normal sera obtained from untreated  rab- 
bits, were employed as controls in the present study. 
All rabbit antisera were inactivated at 60°C for 3 rain. They were then absorbed, in stand- 
ard fashion, with guinea pig erythrocytes. For this purpose,  erythrocytes obtained from at 
least 3 Hartiey strain guinea pigs were pooled, washed twice in PBS, and two volumes of 
washed, packed cells were added to one volume of rabbit antiserum, with slow stirring. The 
suspension was incubated  at 37°C for 2 hr,  and  then centrifuged at 800 g for 5 rain. The 
supematant  serum was  decanted  and  reabsorbed  once again in similar fashion.  The final 
preparation was then tested by standard slide agglutination with a 5% suspension of guinea 
pig  erythrocytes.  In  those  instances  where positive hemagglutination  reactions  occurred, 
the antisera underwent repeated absorptions,  until no further reactions were observed. All 
sera were stored at --20°C until ready for use. 
Specific  streptococcal membrane antibody was prepared by absorption  and  elution pro- 
cedures.  For this  purpose,  600  mg  (dry weight)  of  streptococcal membranes  were  slowly 
introduced into 30 ml of antiserum,  with constant  stirring for 2  rain. The suspension was 
incubated at 37°C for 2 hr, with occasional manual shaking.  It was then kept overnight at 
4°C, and centrifuged at 24,000  g for 1 hr at 4°C. The supernatant  was decanted,  and  the 
membrane sediment was washed consecutively 3X in 30 ml of PBS, with continuous stirring. 
The membranes were then resnspended in 0.02 xt citrate buffer at pH 3.4. The suspension was 
stirred for 2 hr at room temperature, neutralized with 0.1  N NaOH,  and  then centrifuged 
at 24,000 g for I  hr at 4°C. The supematant  solution was removed and dialyzed overnight 
against  PBS.  It was  then lyophilized, yielding 11.8  mg of powdery material.  Before use, 
this  eluate was  reconstituted  in 30  ml of isotonic saline solution.  Immunoelectropboretic 
analysis (32) confirmed the presence of rabbit IgG in the final preparation. 
Methods of Skin Grafting.--The  methods of grafting,  of graft  observation,  and  criteria 
for the diagnosis of skin allograft rejection have been described in detail in previous reports 
(23-25).  Gross,  stereomicroscopic, and histologic examination of each graft constituted  the 
basis for the determination of the type of rejection observed (first-set rejection, accelerated 
rejection, and white or mixed white graft reactions). Standard  11 mm circular grafts, applied 
to the lateral thoracico-abdominal surface of the recipients were employed throughout  this 
study. 
Biological Testing of Rabbit Antisera.-- 
(a) Local infiltration of skin allografts: On the 3rd  postoperative day,  test  and  control 
rabbit  sera were injected intradermally,  in circumferential fashion,  around  skin  allografts 
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placed at a distance of 5-8 mm from the outer edges of the graft. Only those skin ailografts 
which were fully viable and had evidence of active blood flow on stereomicroscopic observa- 
tion were used for this purpose. The grafts were examined at daily intervals, until graft re- 
jection and esoharificafion occurred. 
(b) Intraperitoneal and intravenous injection of antiserum: 26  guinea pigs  received  2  ml 
of membrane antiserum intraperitoneally 1 day prior to grafting. They received daily intra- 
peritoneal injections of 1 ml of this serum during the next 6 days. The skin allografts were 
examined daffy until graft rejection and eschariiication occurred. 
87 guinea pigs bearing viable, intact skin aUografts  were challenged on the 3rd postopera- 
tive day by an intravenous injection of 1-2 ml of membrane antiserum. An additional group 
of 70 normal animals received intravenous injections of membrane antiserum, without skin 
grafts. No untoward reactions occurred in any of these animals. 
The skin graft recipients were examined immediately after injection of the  antisera,  at 
4 and 24 hr later, and at daily intervals thereafter, until rejection and escharification of the 
grafts  occurred. 
(c) Intradermal tests:  32  guinea  pigs  received  intradcrmal  injections  of  0.I  ml  of  membrane 
antiserum. 12 other animals were tested  in similar  fashion  with normal rabbit  serum. The 
skin responses were observed at I, 4, 24, 48, and 72 hr and  specimens were removed for 
histological  examination. 
(aT)  Epinephrine tests:  8 guinea pigs  received intradcrmal injections  of 0.1 ml of mem- 
brane antiserum at  one site  and 0.I ml of  normal rabbit  serum at another area.  14 hr  later, 
each test  site  and a normal skin area were injected  with 0.1 ml of  epinephrine solution  con- 
taining 100 t~g of epinephrine in sterile,  pyrogen-frce isotonic  saline  solution.  The results 
were observed 4 hr later  and at daffy  intervals  thereafter.  Appropriate specimens were re- 
moved for  histologic  study. 
A  second group of I0 animals received  intradermal injections  of  0.2 ml of a 1:1 mixture 
of  membrane antiserum and I00  ~g of  epinephrine at  one site,  and of  0.2 ml of  a mixture  of 
normal rabbit  serum and the same amount of  epinephrine at a second site.  Both areas  were 
examined at 1,  4,  24,  48, 72,  and 96  hr,  and specimens  wcrc removed for  histologic  study. 
A  third  group of 50 recipients  was injected  intravenously with i to 2 ml of membrane 
antiserum. Within 5 rain,  each animal received  intradermal injections  of  0.2 ml of  epineph- 
rine  solution  containing 100 t~g  of epinephrine.  12 control  animals received  intravenous in- 
jections  of I-2 ml of rabbit  anti-human proteose serum, and were challenged in a similar 
manner with epinephrine.  The reactions  were read at 1, 4, 24, 48, 72, and 96 hr, and speci- 
mens wcrc removed for  histological  study. 
28 guinea pigs  were tested  with the cluatc  of streptococcal  membranes used to absorb 
a potent rabbit  membrane antiserum. 10 of the animals received  intradermal injections  of 
0.2 ml of a 1:1 mixture of cluate  and 100/~g of epinephrine.  The other 18 animals received 
intravenous injections  of 1 ml of cluate,  followed within 5 rain  by intradcrmal injection  of 
0.2 mi of epinephrine (100 t~g).  The reactions  were observed at 1, 4, 24, 48, 72, and 96 hr, 
and samples  were removed for  histologic  study. 
A  final  group of 34 control  animals received  intradermal injections  of 0.2 ml of epineph- 
fine,  200/~g of  epinephfinc  for  7 recipients,  and 100  t~g  of  epinephrine  for  the 27 other  guinea 
pigs.  Responses were also  observed at I,  4, 24,  48, 72,  and 96  hr and samples  were removed 
for  histologic  study. 
EXPERIMENTAL RESULTS 
Induction of Skin AUograft Rejection with Rabbit Anti-Streptococcal  Membrane 
Serum (RASMS).--As  noted ill Table I, 70 of 87 grafts infiltrated with RASMS 
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completely rejected by the 4th or 5th postoperative days. Histologic examina- 
tion of such grafts indicated predominantly polymorphonuclear leukocyte in- 
filtrates, vascular breakdown, multiple thrombi, diffuse hemorrhages, dermal 
disorganization, and epidermal necrosis (Figs. 1, 2). Such a response has been 
associated previously with the type of accelerated or mixed white graft rejec- 
tions which occurs in guinea pigs sensitized with transplantation antigens ob- 
tained from allogeneic (33) or bacterial (23-25) sources. Local infiltration of 17 
skin autografts  with RASMS had no effect upon the grafts, which remained 
intact as long as 2 wk after treatment. Local infiltration of nine skin allografts 
with a rabbit anti-Group A streptococcal cell wall antiserum did not affect their 
survival as first-set grafts (26).  In addition, 19 of 21 skin allografts infiltrated 
TABLE I 
Induction  of Skin Allografl Rejection with Rabbit Antistreptocoecal Membrane Serum (RASMS) 
--Local Infiltration 
Antiserum used 
RASMS 
Rabbit anti-Group A Type 12 
streptococcal cell wall anti- 
serum 
Rabbit anti-human proteose 
antiserum 
No. of animals 
used 
(guinea pigs) 
87 
9 
21 
Skin allograft rejection 
responses* 
Accelerated or 
First-set  white graft 
17  70 
9  0 
19  2 
Accelerated or 
white Graft 
rejections 
% 
80 
0 
9.5 
* Infiltration of 17 skin autografts with RASMS had no effect  upon these grafts. 
with  a  rabbit  anti-human proteose  antiserum were  also unaffected by this 
treatment, and behaved as first-set grafts. Two grafts in this group underwent 
accelerated rejection at 5 days. 
Table II summarizes the effects of intraperitoneal and intravenous injection 
of RASMS upon the behavior of skin allografts. 18 of 26 recipients of intra- 
peritoneal adm~uistration of RASMS, and all 36 recipients of RASMS given 
intravenously, rejected their grafts in an accelerated or white graft manner. 
It is of interest that even slight point pressure upon such grafts with a blunt 
object resulted in the appearance of a  rosette of petechial hemorrhages, and, 
not infrequently, in a ready separation of epidermis from dermis. Such changes 
were evident within 18 hr after injection of antiserum in the recipients of local 
and, particularly, of intravenous treatment with RASMS. 
None of the recipients of intravenous or intraperitoneal injections of RASMS 
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their skin allografts. An additional group of 70 animals receiving similar doses 
of RASMS without skin grafting also survived uneventfully for a 3 wk period 
of follow-up after intravenous injection. 
Skin  Responses  to  RASMS.--The  responses  to  intradermal  injection  of 
RASMS or of normal rabbit serum  (NRS)  are illustrated in Table III. Re- 
sponses to NRS were limited essentially to the immediate or wheal and ery- 
thema type of reaction. In contrast, responses to RASMS increased in intensity 
at 24 and 48 hr, with 20 of 32 reactions exhibiting marked erythema and edema, 
in excess of 30 mm in size. 20 of 32 animals developed central necrotic lesions 
measuring 8-10 mm in diameter at the skin test site within 48 hr after testing, 
Skin necrosis was not observed in the 12 recipients of NRS. 
TABLE II 
Induxtion of Skin Allografl Rejectgon with RASMS--E.ffeas of Different Routes of 
Administration 
No. of 
animals 
87 
26 
36 
Route of 
administration 
Local infiltration 
Intraperitoneal 
Intravenous 
Dose of 
antiserum used 
ml 
1 
8 
1 or2 
Skin aUograft responses 
First-set  Accelerated  or 
white graft 
17  70 
8  18 
0  36 
Accelerated  or 
white ~,raft 
rejectlons 
% 
80 
69 
100 
On microscopic examination, the 24 hr response to intradermal injection of 
RASMS was characterized  by epidermal  damage and  a  polymorphonuclear 
leukocyte infiltrate, distributed particularly around small capillaries and ven- 
ules, beneath the epidermis and at the base of the dermis (Figs. 3, 4). As the 
lesion progressed, there was a gradual development of epidermal necrosis and 
disorganization of the dermal elements. The histologic character of the lesions 
resembled that described for the Arthus reaction (34) and for the inflammatory 
response to intradermal injection of Gram-negative bacterial endotoxins (35). 
Production of Hemorrhagic  Necrosis with RASMS and Epinephrine.--Three 
different combinations of RASMS and epinephrine were used in the production 
of hemorrhagic necrosis of the skin of guinea pigs. As noted in Table IV, eight 
animals received simultaneous intradermal injections of RASMS at one site and 
of normal rabbit serum at another site.  1-4 hr later, each injected area was 
challenged with epinephrine. Six of the eight RASMS injection sites developed 
ecchymoses and showed engorged superficial vessels within 4-6 hr after the 
introduction of epinephrine. By 24 hr there appeared confluent areas of hem- 
orrhagic necrosis which gradually merged into  a  full-thickness skin  eschar, 
sloughed after the 4th day. Microscopic study of the lesions at 4 hr indicated ~ELIX T. I~APAPOI~T, A. S. MARKOWITZ,  AND ROBERT  T. ~IC  CLUSKE¥  629 
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hemorrhages in many portions of the corium, and many dilated capillaries and 
venules filled with blood and occasional thrombi. A polymorphonuclear leuko- 
cyte infiltrate was present, distributed especially in perivascular fashion in the 
subepidermal and deep dermal layers of the skin (Figs. 5, 6). The lesions pro- 
gressed during the next 20  hr, and were characterized by epidermal necrosis, 
disorganization  of dermal elements, further polymorphonuclear leukocyte in- 
TABLE IV 
The Production of Hemorrhagic Necrosis of Guinea Pig Skin by Epinephrine  Challenge of Skin 
Test Sites Prepared with RASMS 
No. of  Skin sites under  Method of challenge  Responses  observed  animals  tested  consideration  (0.2 ml epinephrine)  at 4 hr 
8  (a) Normal skin 
(b) Skin test site, 1-4 
hr after i.d.* injec- 
tion of RASMS 
(c) Second skin test site 
with normal rabbit 
serum 
IntradermaUy 
Into skin test site 
Into skin test site 
Pallor only 
Hemorrhagic necrosis in 
6 of 8 animals tested. 
No change in skin re- 
sponse 
* Epinephrine was most effective in the induction of hemorrhagic necrosis when it was 
introduced into the RASMS skin test site within 1 hr after injection of RASMS. 
TABLE  V 
The Production of Hemorrhagic Necrosis of Guinea Pig Skin with Mixtures of Epinephrine 
and RASMS 
No. of animals 
tested 
10 
Mode  of preparation of skin test sites 
(a) RASMS +  epinephrine mixture, 0.2 ml, i.d. 
(b) Normal rabbit serum +  epinephrine mixture, 
0.2 ml, i.d. 
No. of animals in 
which hemorrhagic 
necrosis  was 
produced 
filtration, and increases in vascular congestion, thrombosis, vessel breakdown 
and hemorrhages. Infiltration of normal rabbit serum sites or of normal skin 
with ephinephrine did not produce hemorrhagic necrosis in this group of ani- 
mals. 
When mixtures of RASMS and epinephrine were injected intradermally into 
10 guinea pigs which were tested simultaneously at another skin site with mix- 
tures of normal rabbit serum and epinephrine (Table V), 8 of the 10 recipients 
showed hemorrhagic necrosis at the RASMS-epinephrine sites, but no lesions 
developed at the sites prepared with normal rabbit serum and epinephrine. The :FELIX  T.  RAPAPORT,  A.  S.  MARKOWITZ,  AND  ROBERT  T.  MC CLUSKEY  631 
lesions  resembled those described previously, and rapidly progressed to full- 
thickness skin necrosis during the next 48 hr. Microscopic examination at 24 hr 
indicated epidermal necrosis,  hemorrhages, many engorged small venules and 
capillaries,  occasional thrombi,  and a polymorphonuclear leukocyte infiltrate, 
distributed primarily around small vessels (Figs. 7, 8). 
Intravenous injection of RASMS resulted in the development of extensive 
hemorrhagic necrosis at sites injected intradermally with epinephrine in 20 of 
50 guinea pigs studied by this method (Table VI). The appearance of the lesions 
TABLE  VI 
The Production of Hemorrhagic Necrosis of Guinea Pig Skin by Epinephrine  after 
Intravenous RASMS 
No. of animals 
tested 
50 
12 
Serum used for 
intravenous pretrestment 
RASMS 
Rabbit anti-human 
proteose serum 
Method of challenge 
100 ~g of epinephrine, i.d. 
100/~g of epinephrine, i.d. 
No. of animals in 
which hemorrhagic 
necrosls was 
produced 
20 
1" 
* Pinpoint segments of necrosis, without consolidation. 
TABLE  VII 
The Production of Hemorrhagic Necrosis of Guinea Pig Shin with Epinephrine  and a Rabbit 
7S Gamma Globulin Eluate Isolated from RASMS 
No. of animals 
10 
18 
Material used for 
intravenous pretreatment 
None 
RASMS  eluate 
Method of skin testing 
0.2 ml of a  1:1 mixture of RASMS 
eluate and epinephrine (100/zg) 
0.2 ml of 1:2 epinephrine (100/~g) 
No. of animals 
in which  hemorrha- 
gic necrosis was 
produced 
was similar to that described in the two previous experiments. The extent of 
damage appeared to be more severe, however, and resulted in the development 
of large (40 mm X 50 mm) surfaces of full-thickness skin necrosis within 4 days 
(Fig. 9). The microscopic character of the lesions was generally similar to those 
described above, although there was a more severe disruption of the small blood 
vessels, more profuse hemorrhages, and a less intense infiltration by polymor- 
phonuclear leukocytes (Figs. 10-12). When rabbit anti-human proteose serum 
was substituted as a control for the specificity of RASMS in the intravenous 
preparation of 12 animals which were then tested intradermally with epineph- 
rine,  11 of the 12 animals remained unaffected, and no hemorrhagic necrosis 632  BACTERIAL  INDUCTION  OF  HOMOGRA]~T  SENSITIVITY 
occurred at the skin test sites. Spotty areas of necrosis were observed in one 
guinea pig. 
In order to assess further the specificity of the reactions induced by RASMS 
and epinephrine, RASMS was absorbed with streptococcal  cell membranes, and 
an eluate of the membranes, which contained rabbit IgG, was studied under the 
same experimental  conditions.  As noted in Table VII, this eluate induced skin 
hemorrhagic necrosis in 4 of 10 recipients of intradermal injections of mixtures 
of eluate and epinephrine,  and in 6 of 18 recipients of intravenous  eluate,  fol- 
TABLE  VIII 
Skin Responses to Epinephrine in Normal Guinea Pigs 
No.  of 
tests 
27 
Concentration of 
epinephrine 
200 #g in 0.2 ml 
100 Dg in 0.2 ml 
Criteria 
Pallor 
Ecchymoses 
o5 
+ 
++  to  +++ 
+-F++ 
NC 
Pallor 
Ecchymoses 
0 
+ 
++  to  +++ 
++-b+ 
NC 
4  hr 
4 
7 
3 
5 
No.  of animals 
24 hr  48 hr  72 hr 
1  --  -- 
5  --  -- 
2  --  -- 
m  __  m 
2  --  1 
10  19  24 
10  5  -- 
4  2  1 
--  -4-  1 
96  hr 
m 
I 
m 
m 
25 
2* 
* Occasional pinpoint spots of necrosis only. 
See Table IH. 
lowed by intradermal  epinephrine.  These responses were indistinguishable  in 
their  gross  or microscopic  character  from the reactions  induced  by RASMS 
and epinephrine. 
Table VIII summarizes the results of testing 34 guinea pigs with intradermal 
injections of epinephrine  alone. None of the animals  showed any evidence  of 
hemorrhages  or ecchymoses  at 4 hr after injection,  and only two guinea pigs 
developed pinpoint spots of necrosis at the skin test sites within the next 96 hr. 
DISCUSSION 
The role of serum antibody in mediating the rejection  of skin allografts  in 
the mammalian  host has long been a subject of interest.  While some cogent evi- 
dence supports  the activity of serum antibodies  produced in response to allo- ]FELIX  T. RAPAPORT,  A. S. MARKOWITZ,  AND  ROBERT  T. MC CLUSKEY  633 
geneic tissues  in the mediation of skin allograft rejection (36), an impressive 
array of data has implicated cellular as well as humoral factors in this type of 
immunological response (37-39). The studies of Chutna (40) provided clear-cut 
evidence, however, that skin allografts can be destroyed through the action of 
passively administered heterologous antisera. Chutna (40) immunized rabbits 
with spleen cell suspensions obtained from CBA strain mice and injected the 
resulting antiserum intraperitoneally at 24 hr intervals into strain A mice, pro- 
viding the first dose of antiserum at the time of application of a CBA  mouse 
skin graft to the recipients. This treatment resulted in the specific accelerated 
hemorrhagic rejection of CBA skin allografts, while control allografts were un- 
affected. Normal rabbit serum did not have this effect, and the rejected trans- 
plants were characterized  by polymorphonuclear infiltrates, vascular disrup- 
tion, and hemorrhages. Intradermal injection of rabbit anti-CBA antiserum into 
CBA mice resulted in the development of marked edema and hemorrhages. 
Chutna suggested that these results might be analogous to a "reversed passive 
Arthus phenomenon," in which CBA skin was the source of the antigen. 
The results of the present study indicate that sensitization of rabbits with 
Group A Type 12 streptococcal  cell membranes may produce an antiserum 
(RASMS)  capable  of causing the rapid rejection of first-set skin allografts in 
guinea pigs. The observation that this effect can be produced by local infiltra- 
tion of the grafts, as well as by administration of RASMS through the intra- 
peritoneal or the intravenous route, suggests that these results are not a con- 
sequence of the technique employed. This conclusion is also supported by the 
failure of locally infiltrated RASMS to affect the behavior of skin autografts. 
The observation that antisera obtained by immunization of rabbits with Group 
A Type 12 streptococcal  cell walls or with human proteose are unable to induce 
allograft rejection, under the same experimental  conditions, would also appear 
to suggest that the responses obtained with RASMS are specific in nature and 
are related to the presence in such antisera of antibodies produced in response 
to immunization with streptococcal  membrane antigens. 
The precise mechanisms responsible for the rapid destruction of skin allo- 
grafts, as a result of treatment with RASMS,  are not clear at this time. This 
effect may, however, have been a consequence of the in vivo interaction be- 
tween the injected antibodies and cross-reacting  antigens present in the skin 
transplants. The predominantly polymorphonuclear leukocyte infiltrates and 
hemorrhages  noted in the rejected grafts are consistent with this possibility 
and bear a striking similarity to the results obtained in mice by Chutna after 
the passive administration of rabbit antisera produced by immunization with 
mouse spleen cells (40). 
It is of interest that the ability of RASMS to induce allograft rejection during 
this study was limited to a certain percentage (83.2 %) of the guinea pigs tested 
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obtained was almost identical with the incidence of accelerated skin allograft 
rejections observed in guinea pigs after active sensitization with streptococcal 
antigens (82.6%).  This observation provides support to the possibility that 
the cross-reacting streptococcal and mammalian transplantation antigens pres- 
ent in the outbred guinea pig population may be distributed in group fashion 
in this species (26).  It is also in agreement with the results of Halpern  (41), 
who has recently confirmed the  observation that Group A  streptococci and 
streptococcal membranes can induce skin allograft sensitivity in guinea pigs. 
He has also reported that this activity can be localized to a soluble fraction of 
the streptococcal cell membrane. 
In a further assessment of the possibility that the RASMS-induced allograft 
rejections were a consequence of an antigen-antibody reaction at the skin graft 
TABLE IX 
Inddence of Accelerated Graft Rejections Induced  in Guinea Pigs with Group A  Streptococcal 
Antigens and Antibodies 
No. of animals  Positive 
Experimental design  No. of animals  with accelerated 
tested  graft rejection  responses 
% 
219  174  82.6  Sensitization with Group A streptococci or 
streptococcal cell membranes 
Treatment of recipient  with rabbit antistrep- 
tococcal  membrane  antiserum 
149  124  83.2 
site, guinea pigs were tested intradermally with RASMS. In contrast to recipi- 
ents of normal rabbit serum, whose reactions were essentially limited to the 
wheal and erythema type of response, guinea pigs injected with RASMS exhib- 
ited skin reactions which increased in intensity at 24 and 48 hr and progressed 
to central necrosis in 20 of 32 animals. Histologically, the reactions were charac- 
terized by a predominantly polymorphonuclear cell infiltrate, distributed mainly 
in perivascular fashion. The similarity of this response to the reactions described 
by Chutna (40) after intradermal injection of rabbit anti-CBA mouse antiserum 
into CBA mice, and to the more conventional reactions of the Arthus type (34), 
would appear to lend support to the concept that, where observed, the effects 
of RASMS may be an expression of the presence, in the tissues of  "positive" 
reactors, of antigens reacting with antistreptococcal membrane antibodies. 
The absence of any skin reaction at 48 hr in 11 of the 32 animals tested intra- 
dermally with RASMS, in contrast with the reactions noted in 21 animals, which 
progressed to necrosis, is also in keeping with the notion that these cross-react- 
ing host antigens may be distributed in group fashion in the outbred population 
under study. The similarity of these reactions to those observed in the inflam- 
matory response to intradermal injections of endotoxin (35) further suggested ]~ELIX T. RAPAPORT,  A. S. MARKOWITZ,  AND  ROBERT  T. MC  CLUSKEY  635 
that the experimental  approach  devised by Thomas (42) for his studies of the 
mechanisms of response to endotoxins,  might provide a useful model for an as- 
sessment of the mode of action of RASMS. During these experiments, Thomas 
(42) produced hemorrhagic necrosis of the skin in rabbits through the synergistic 
action of endotoxin and epinephrine.  In the course of the present study, a simi- 
lar relationship has been noted to exist between RASMS and epinephrine,  utiliz- 
ing the guinea pig as the test animal.  Although it is not clear, at this time, how 
epinephrine might potentiate the activity of RASMS, the data indicate that the 
skin hemorrhagic necrosis,  induced by the synergistic action of RASMS and 
epinephrine,  may be a direct consequence of a reaction between injected anti- 
bodies and  cross-reacting  host tissue antigens.  Such a  reaction may have ac- 
tivated complement (CP)-related proteolytic enzymes (43), and/or it might have 
induced a release of the type of leukocyte granule-bound enzymes, which have 
recently been shown to participate  in  immunological  vascular injury  of the 
Arthus type (44). 
The production of hemorrhagic necrosis of the skin by the combined action 
of RASMS and epinephrine did not occur uniformly inall animals tested. Ineach 
experiment, a certain number of guinea pigs remained unaffected. In addition, 
attempts to induce similar  responses with the use of normal rabbit serum or of 
rabbit anti-human proteose antiserum were uniformly unsuccessful.  These ob- 
servations suggest that two conditions may have been required for the induction 
of hemorrhagic necrosis by this technique: (~) the presence of the appropriate 
cross-reacting  antigen(s) in the host, and (b) the presence of streptococcal mem- 
brane  antibodies in the test serum.  The ability of RASMS eluates containing 
rabbit  IgG  to produce hemorrhagic necrosis  of the skin with epinephrine has 
further highlighted  the immunological  specificity of this response. Such specific- 
ity is also supported by the fact that RASMS was active in the induction of this 
response after heat-inactivation at 60°C and repeated absorptions with guinea 
pig erythrocytes. The uneventful survival of the animals  after intravenous or 
intraperitoneal injections of RASMS has also indicated that the antibodies in- 
volved in the induction of hemorrhagic  necrosis of guinea pig skin are not Forss- 
mann (1) in nature. 
It would therefore appear that Group A streptococcal membranes contain 
antigens which are active as transplantation antigens in the mammalian host, 
and which elicit serum antibody responses in rabbits. The latter have specific 
biological  activity when injected into a heterologous species,  the guinea pig. 
RASMS has elicited accelerated skin graft rejection, 24 and 48 hr skin reactions 
characterized  by polymorphonuclear leukocyte infiltrates,  and  hemorrhagic 
necrosis of the skin by a synergistic action with epinephrine. 
The incidence of the responses observed is in keeping with the possibility that 
the guinea pig antigen(s) which cross-react with streptococcal membrane anti- 
gens are distributed in group fashion in that outbred population. In this regard, 
the results may provide an additional approach to the problem of histocompati- 636  BACTERIAL  INDUCTION  OF  HO~OGRAFT  SENSITMTY 
bility testing in outbred populations. They also support the concept that a wide 
variety of biologically important cross-reacting antigens are localized in the 
Group A streptococcal membrane (22). With regard to transplantation, the re- 
sults indicate that microbial antigens and antibodies to such antigens may pro- 
vide useful experimental models for further studies of mechanisms of host re- 
sponse to tissue and organ transplants. 
SUMMARY 
Immunization of rabbits with Group A Type 12 streptococcal cell membranes 
has elicited serum antibodies which have the ability to cause rapid rejection of 
skin allografts in guinea pigs. Intradermal injection of such antisera has resulted 
in skin reactions characterized by prominent polymorphonuclear leukocyte in- 
filtrates, similar to those noted in the Arthus reaction. The combined use of 
membrane antisera and epinephrine has resulted in hemorrhagic necrosis of the 
skin of guinea pigs. 
The ability of membrane antisera to exert these  effects appears to be de- 
pendent upon the presence in the host tissues of antigen(s) shared by or cross- 
reacting with streptococcal membrane antigens.  Such cross-reacting antigens 
may have a group distribution in the outbred guinea pig population. 
The results highlight the potential biological importance of antigens present 
in the Group A streptococcal membrane in the induction of altered tissue reac- 
tivity in the mammalian host. 
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FIGS. 1 and  2.  Mixed  white  graft reaction  induced  in  a  guinea  pig  by local in- 
filtration  with  rabbit  antistreptococcal  membrane  serum  (RASMS).  Section  taken 
on the  5th  postoperative  day (42 hr after injection  of antiserum),  illustrating  epi- 
dermal  thinning  and  necrosis,  profuse  subepidermal  hemorrhages,  disorganization 
of dermal  elements,  and spotty areas of infiltration  with  polymorphonudear teuko- 
cytes,  especially at the base of the graft. Fig. 2 represents  a high power view of the 
subepidermal  layer of such a graft,  and illustrates  tile predominance  of polymorpho- 
nudear leukocytes  in the cellular infiltrate  seen in this  type of graft.  Fig.  1,  X  34, 
and Fig. 2,  ×  250. FELIX  T.  RAPAPORT,  A.  S.  MARKOWlTZ,  AND  ROBERT  T.  MC CLUSKEY  639 FIGs. 3 and 4.  24 hr response to intradermal injection of rabbit antistreptococcal 
membrane serum into the skin of a  normal guinea pig. Note the epidermal damage 
and polymorphonuclear leukocyte infiltrate, distributed especially around  the  small 
capillaries and venules of the  subepidermal and  deep dermal vascular layers of the 
skin. Fig. 3,  ×  100, and Fig. 4,  ×  250. 
64O FIGS. 5 and 6.  Response to the synergistic action of rabbit antistreptococcal mem- 
brane serum and epinephrine. In this experiment, guinea pigs received intradermal 
injections of RASMS, and the injection sites were treated with epinephrine 4 hr later. 
Section taken 4 hr after infiltration of the skin test area with epinephrine, illustrating 
the presence of many dilated capillaries and venules filled with blood and occasional 
thrombi, as well as a  prominent polymorphonuclear leukocyte infiltrate distributed, 
especially, in perivascular fashion. Fig. 5,  X  100, and Fig. 6,  X  250. 
641 FIGs. 7  and  8.  Response  to  the  synergistic  action  of  rabbit  antistreptococcal 
membrane serum  and  epinephrine. In  this  experiment, a  1:1  mixture of  RASMS 
and epinephrine was  injected intradermally into the  skin of  a  normal guinea pig. 
Section taken 24 hr later illustrates the epidermal necrosis,  hemorrhages,  engorged 
small venules and capillaries, occasional thrombi, and polymorphonuclear leukocyte 
infiltrate distributed primarily around small blood  vessels  which  characterize  this 
response.  Fig. 7,  X  100, and Fig. 8,  X  250. 
641 FIGS. 9 and  10.  Lesion induced by the synergistic action of intravenous adminis- 
tration of rabbit antistreptococcal membrane serum, followed by intradermal injection 
of epinephrine within 5 rain. Section illustrates the epidermal necrosis, hemorrhages, 
vascular engorgement,  and  moderate infiltration by polymorphonuclear leukocytes 
which characterize this reaction. Fig. 10,  X  100, and Fig. 11,  X  250. 
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FIG. 11.  Response to intradermal injection of  epinephrine administered within 5 
min after  intravenous injection of  rabbit antistreptococcal membrane serum  into 
the  recipient.  Photograph  illustrates the  large  area  of  full-thickness skin necrosis 
observed in recipients of  this type of  treatment 4 days after skin testing with epi- 
nephrine. 
FIG. 12.  Full-thickness necrosis of skin test site injected with epinephrine within 5 
min after preparation of the recipient with intravenous injection of rabbit antistrepto- 
coccal membrane serum. Section taken 96 hr after injection of epinephrine. Fig. 12, 
X  100. 645 